The use of modified black wattle tannin as antifouling pigment is reported in this work. 
Introduction
Hulls, submersed vessels and structures are subject to the attachment of organisms on its surface. 1 The accumulation of these organisms form a layer called marine biofouling, its thickness depending on the organism species, water environment and season. 2,3 Barnacles, mussels, hydroids, molluscs, tubeworms and algae are the most common types of fouling organisms found in submersed structures and hulls. 3 The presence of fouling attached to ship hulls increases the friction with water, rising the fuel consumption. 3, 4 Maintenance costs of hulls, turbines, heat exchangers and ducts of hydroelectric plants are also affected by fouling. 5 Economically, the fouling causes serious financial loss to the industry and, therefore, control of this organism accumulation is mandatory. 3 The most common method to protect immersed structures against fouling is the use of antifouling paints. 6 In the past, several toxicants as arsenic and mercury oxide were added to resin matrixes, but in the 1950s the concern about health problems led to eliminate these products from the market. 7 The development of tributyltin (TBT) compound introduced in the antifouling market one of the most effective product ever made. 8 Its high durability and efficiency resulted in considerable savings in maintenance costs of ship hulls. 8 However, TBT was considered one of the most toxic biocides purposely released in the marine environment. 8 Studies showed that TBT impair the embryogenesis and larval development of oysters having harmful effect, even at very low concentration (i.e. 0.05 µg L -1 ). 9, 10 As a consequence, the use of organotins compounds (including TBT) on ships was forbidden by the International Maritime Organization (IMO).
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New alternatives to TBT were development and, currently, the most usual antifouling pigment is copper oxide. 3 The copper was used since 1800s, even though its utilization depends of the local legislation. 3 However, copper is categorized as considered toxic for the marine environment when its concentration exceed some threshold limits. 12 Others biocides, such as Diuron ® and Irgarol ® 1051, are used together (co-biocides) with copper pigment, even though they are harmful to phytoplankton organisms. 13 The use of Diuron ® is not allowed in the United Kingdom while Irgarol ® 1051 is limited to small watercrafts. 14 Metallic pyrithiones are also used as co-biocides.
However, these compounds show high toxicity for some fish species (skeletal deformities were reported). 15 Inside this scenario, research on environmental-friendly antifouling agents and coatings has received increasing attention.
Many natural compounds with antifouling properties were found in natural products, as reported by several authors. Etoh et al. 16 isolated shogaols from roots of ginger that are three times more active than copper sulphate. The behaviour of trans-8-shogaol is similar to that of tributyltin fluoride (TBTF) against adhesion of blue mussel. 16 Etoh et al. 17 also isolated neocurdione, isoprocurcumenol and 9-oxoneoprocurcumenol from Curcuma aromatic and Curcuma zedoaria, using them as antifouling agents against blue mussel. Watts 18 reported the application of natural or synthetic capsaicin mixed with epoxy resin as antifouling agent. In fact, large-scale extraction of natural antifouling agents has become one of the main challenges in the development of ecologic antifouling paint formulations.
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Tannins are natural polyphenolic compounds associated with defence mechanism of plants. 20 Large amounts of these compounds are typically found in bark, This method avoids the utilization of metals enabling the utilization of pure tannin, which contribute to the formulation of an environmental-friendly coating.
Experimental Procedure

Materials
Black wattle tannin (TANAC, Brazil), HCl (Synth, Brazil), absolute ethanol (Akzo Nobel, USA) was used as an anticorrosive primer and blank.
Black wattle tannin modification and antifouling pigment preparation
The modification of black wattle tannin was based on Swain and Hills work, 45 even though with some variations. Firstly, 10 g of black wattle tannin was dissolved in 180 mL of absolute ethanol followed by addition of 10 mL of deionized water. The mixture was stirred magnetically until homogenization and 10 mL of concentrated hydrochloric acid was added carefully (drop-by-drop) in the mixture. After complete addition of the hydrochloric acid, the mixture was heated at 70ºC until almost complete evaporation of alcoholic solution. Then, 200 mL of deionised water was added followed by vigorous stirring. After dissolution of the soluble fraction of black wattle tannin, 20 g of activated carbon powder was added and stirred for 1 hour. At the end of adsorption process, the pigment formed by soluble tannin fraction (adsorbed in activated carbon) and low soluble tannin fraction, was filtered in a Büchner funnel and dried for 24 hours at 60ºC.
Chemical structure modification of tannin after hydrolysis was verified by 13 C NMR and FTIR spectroscopies.
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C NMR spectra were performed using a 300 MHz Bruker AMX300 spectrometer operating at 75.5 MHz. The soluble fraction of black wattle tannin was diluted in DMSO-d 6 and the internal standard was tetramethylsilane.
FTIR spectra were recorded using a FTIR 4100 Jasco spectrophotometer coupled with an attenuated total reflection accessory (Specac model MKII Golden Gate Heated Single
Reflection Diamond ATR). Spectra were obtained after 32 scans at a resolution of 4 cm −1 , in a spectral range of 600−4000 cm −1 , in transmittance mode.
Antifouling coating preparation
Initially, 48 g of rosin flakes were dissolved in 50 mL of MEK. Then, the dissolved rosin was added in the jacketed reactor of a Dispermat N1 (VMA-Getzmann GMBH of Reichshof, Germany) disperser equipped with a Cowles disk. The rosin was dispersed by 10 minutes before addition of antifouling pigment (tannin adsorbed in activated carbon and low soluble tannin fraction). Next, 27 g of antifouling pigment and 50 mL of MEK was added slowly. The mixture (coating) was dispersed at 4000 rpm for 2 hours. After dispersion process, the pigments of the antifouling coating were milled on a Dispermat SL-12 ball mill (VMA-Getzmann GMBH of Reichshof, Germany).
More MEK was added in the mill process according to the system demand (viscosity adjust). The mill process stop when the pigments reached a size between 25-15 µm (6 and 7 Hegman).
Samples preparation and characterization
Commercial, antifouling and blank coatings were applied over AISI 1010 steel 
Measurements (
Scanning electron microscopy (SEM) analyses were carried out using a focused ion beam Zeiss Neon 40 microscope operating at 5 kV. Optical microscopy images were obtained using a Dino-lite USB digital microscopy. FTIR analyses were performed using a Bomem Michelson MB100 FTIR spectrophotometer with a resolution of 4 cm−1 in the absorbance mode. Water contact angle of the formulated TAN coating was measured using an optical equipment model OCA 15E (Dataphysics Instruments), equipped with a 500 µL precision syringe (DS 500GTand the SCA 20 software for data processing. The contact angle was measured in six different areas of the sample, the average value being used to determine the surface wettability. work. The panel aspect and degree of fouling attachment were verified every month.
The fouling degree was evaluated according to fouling covering, where 100% means complete coverage of the panel by organisms and 0% means total absence. 49 According to ASTM D3623 stipulations, the fouling covering at distances lower than 1.3 cm from the panels edges were not considered for the calculation of the fouling degree. 
Results and Discussion
Mechanism of antifouling coating functioning
As mentioned before, the antifouling activity of tannins was reported in the literature by some authors. 6, [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] In the mechanism of antifouling coating functioning, the bacteria repulsion, 35 narcotic 38 and settlement-inhibitory 36 effects of tannins were considered. Figure 1 shows a hypothetic mechanistic scheme of TAN functioning in marine environment. Initially, bacteria and fouling organisms approach to substrate finding a tannin-rich surface. The antifouling coating contains both tannin adsorbed into theactivated carbon pores and low soluble tannin fractions,which acts repulsing the bacteria, immobilizing the fouling larvae and inhibiting the fouling settlement. 35, 36, 38 Simultaneously, the rosin matrix is launched to the water environment and a new antifouling layer rich in tannin appears. The formation of soluble resinates with Na + and K + ions in water is responsible for the solubilisation of the rosin.
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Figure 1: Hypothetical scheme of TAN coating action in marine environment.
Black wattle tannin modification
The complexity of tannins chemical forms require techniques as NMR to identify the many structures of these compounds. 51 The 13 C NMR technique was used to identify the chemical structures of black wattle tannin before and after hydrolysis reaction. Chemical shifts reported for different polyphenols [51] [52] [53] [54] [55] [56] [57] [58] [59] [60] [61] [62] were used to identify the peaks obtained for black wattle tannin (Figure 2) . The peak at 145 ppm corresponds to the C3´ and C4´ of B-ring while and peaks at 156-154 ppm are associated to the C5 and C7 (A-ring) bonded to -OH. 57, 58 The chemical shifts at 133 and 118 ppm belongs to the C1´and C5´ atoms, respectively, of B-ring. 57, 58 The peak at 115 ppm corresponds to the C4-C8 interflavonoid bond while those at 107-105 to the C4-C6 interflavonoid bond. 57, 58 The peak at 97 ppm corresponds to the terminal C6, C8 and C10 of A-ring.
The chemical shifts between 68 and 75 ppm are associated to the C3 atom and C4-C8 and C4-C6 interflavonoid bonds. It should be mentioned that characteristic peaks of glycosides also appear in the latter region of the spectrum and, therefore, can overlapp the flavonoids peaks. 51, 52, 55, 60, 62 The bands at 75-77 ppm are associated to C2 (C-ring) in cis position while those at 82 ppm involve the trans form. 51, 53, 62 The band at 64.17 ppm corresponds to C3 while terminal C4 appears in 29-27 ppm. 53, 62 In spite of polymerized black wattle tannin is highly soluble in water, first attempts for its adsorption in the activated carbon were unsuccessful. Accordingly, to the free C4 in the A-ring. 57 A displacement in the 97 ppm peak, which corresponds to terminal C6 and C8, is also observed. These modifications in the spectrum corroborate the cleavage of interflavonoid bonds, as expected from the hydrolysis reaction. 45 ,64,65
Characterization of antifouling coating surface by FTIR
Chemical modifications underwent at the TAN coating surface after 7 months of immersion at Badalona port (Mediterranean Sea) was verified by FTIR. The FTIR spectra of tannin, rosin, TAN and TAN after 7 months of immersion are displayed in Figure 4 . The spectrum of pure rosin ( Figure 4a) shows the band of the -CO from diterpenic acids at 1690 cm -1 while peaks at 1386 cm -1 and 1445 cm -1 correspond to -CH 3 bending vibration. 66 Peaks at 1238 cm -1 and 963 cm -1 refer to -COOH. The peaks at 1613, 887, 830 cm -1 and 706 cm -1 are assigned to aromatic groups while the peak at 1183 cm -1 is attributed to saturated C-C or -CH in an aromatic ring. 67 As expected, the peaks at the FTIR spectrum of TAN before immersion ( Figure   4b ) are similar to the rosin resin due to entrapment of pigments inside the rosin matrix.
However, after 7 months of immersion ( Figure 4c ) the peaks of TAN coating show important differences. The bands at 1547, 1390 and 1145 cm -1 , which correspond to C=C of aromatic groups, 68 COH deformation of phenols 69 and aromatic C-O, 70 respectively, appear in TAN (after immersion) and black wattle tannin (inset of Figure   4 ) spectra. These bands are related to polyphenolic compounds, confirming that part of the rosin matrix was launched to water and the tannin was exposed. Other important result of FTIR analysis corresponds to the presence of tannin in the TAN coating, even after 7 months of immersion. shows the FTIR spectrum of black wattle tannin.
Water contact angle of antifouling coating surface
In order to get more information about the behaviour of the TAN coating surface in marine environment, water contact measurements were carried out. The mean contact angle measured for TAN was 72.9º ± 0.7º ( Figure 5 ) indicating good surface wettability. 71 This low angle value favours the action of the TAN coating since water is enabled to penetrate inside the pores of activated carbon. Hydrophilicity is also important for the solubilisation of low soluble tannin fraction. 
Microscopy analysis
In order to analyse the surface of TAN coating after seven months of immersion, analyses based on SEM and optical microscopies were carried out. Figure 7 shows optical micrographs of the surface of blank panels. As can be seen, hard fouling is present on the entire surface ( Figure 7a ). Thus, tubeworms, barnacle, sponges and mussels are detected (Figure 7c ). The thickness of fouling layer on the blank panel reaches 7 mm in some areas, as is evidenced in Figure 7e . SEM micrographs of TAN coating surface after 7 months of immersion are displayed in Figure 8 . As observed in the optical image (Figure 7d) , there is only soft fouling in some points on the TAN surface. Figure 8a shows the TAN sample with some algae branches on the surface. At high magnification, the presence of unicellular algae called diatoms is detected (Figure 8b ). According to Callow et al. 3 , diatoms are species of Amphora able to grow on some copper antifouling coatings surface. Diatoms can form a slime (biofilm) whose average thickness can reach values as high as 500
µm. 3 The antifouling efficiency of TAN coating is reaffirmed by SEM analysis, because only soft fouling is detected, as occurs in the copper antifouling coatings. In the areas with no algae, the high porosity of TAN coating is verified (Figures 8c and 8d ). These porous are important for the proper releasing of black wattle tannin. 
Conclusions
The antifouling activity of a tannin-based antifouling coating (TAN) was proved in this work. The modification of black wattle tannin through the cleavage of tannin interflavonoid bonds has been confirmed by 13 
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